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URINARY FINDINGS OF CHILDREN WHO WERE IN UTERO DURING THE
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Renal damage is a serious complication of exposure of the kidneys to
X-rays.' The severity of detectable renal damage depends upon the dosage
of X-rays and can vary from transient alterations of blood flow which are
difficult to detect to severe renal insufficiency and hypertension leading to
death.'2 Although the kidneys of adults are considered relatively radio-
resistant, experiments in animals have demonstrated a much greater
susceptibility to radiation injury in the newborn.'
Kidney damage resulting from the ionizing radiation emitted during the
atomic bombings of Hiroshima and Nagasaki has been searched for in
many studies of the Atomic Bomb Casualty Commission (ABCC). Data
from adults have shown no differences between groups exposed to high and
low radiation levels in urinalyses or blood pressure measurements."4 There
was a slightly higher number of cases of urinary tract infection in Hiroshima
women who had been within 1,400 meters of the bomb hypocenter, but the
differences were not statistically significant.' A report of the urinary
findings of a group of Hiroshima children, some of whom were exposed
to the atomic bomb, including a small group exposed while in-utero,
described a statistically significant increase in urinary abnormalities in girls,
corresponding to their radiation exposure.8 These abnormalities were
transient, however, and differences in persistent abnormalities were not
significant among the comparison groups. A study of Nagasaki adolescents
who were all in-utero at the time of the bombing did not reveal significant
differences in urinary findings according to exposure to radiation, but the
groups were small.9
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The present report consists of the analysis of the results of urine
examinations conducted on a sample of children known to have been in-
utero at the time of the atomic bombings of Hiroshima and Nagasaki,
some of whom received significant amounts of radiation, and who were still
living in the cities. These data are a portion of a complete continuing health
study of these children. The data to be presented here were collected from
1955 to 1961, i.e. at ages 9 to 16.
Description of sample
The sample of in-utero subjects in this study was established in 1955 and
revised in July 1959. It is composed of 1,265 subjects for Hiroshima and
TABLE 1. PROTEINURIA EXAMINATIONS PERFORMED, NUMBER AND PER CENT
PER SUBJECT IN THE SUBSAMPLE,* BY CITY AND AGE AT EXAMINATION,
1954-1962
HIROSHIMA NAGASAKI
885 (1,265) * Subjects 305 Subjects
Age at examination Proteinuria tests Proteinuria tests
(years) No. Per cent tested No. Per cent tested
9 263 29.7 170 55.7
10 682 77.1 280 91.8
11 603 68.1 298 97.7
12 619 69.9 294 96.4
13 684 77.3 290 95.1
14 934 73.8 270 88.5
15 866 63.5 263 86.2
16 780 61.7 247 81.0
*The Hiroshima sample of 1,265 subjects for routine examination was defined in
July 1959 (at age 14 years). For earlier years the percentage of subjects examined is
based upon the 885 subjects in the clinical sample throughout.
305 subjects for Nagasaki in three categories according to their location at
the time of the atomic bombings:
Less than 2,000 meters from the hypocenter;
3,000 to 4,999 meters from the hypocenter;
Beyond 10,000 meters from the hypocenter or not in the city at the
time of the bomb (ATB).
The group at less than 2,000 meters includes all known eligible subjects in
this distance category. The three categories are matched on sex and month
of birth (Hiroshima) or month of gestation (Nagasaki).
The urinalysis data were obtained at the time of annual examinations
commencing with tests performed in 1955 (age 9 years) and terminating
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with tests performed in 1962 (at age 16 years). The number of urinalyses
performed by age of subject is shown in Table 1. The data shown are based
upon tests reported for proteinuria which correspond closely to the actual
number of urine specimens examined. In Nagasaki, the lowest proportion
of subjects with urinalyses, 55.7%o of 305 subjects, occurred at age 9 years
and the highest proportion, 97.7%o is found at age 11. Except for the
examinations at 9 years, the proportion examined exceeded 80% for
each year of age. The low proportion at age 9 years in both cities occurred
TABLE 2. PROTEINURIA TESTS PERFORMED, TOTAL AND AVERAGE NUMBER*
PER SUBJECT IN THE SUBSAMPLE,t BY CITY AND DISTANCE FROM
HYPOCENTER 1954-1962
Under 1,500 M 1,500-1,999 M 3,000-4,999 M Not exposed
Total Average Total Average Total Average Total Average
HIROSHIMA
Total subjects 169 266 432 398
Proteinuria tests 802 4.7 1142 4.3 1502 3.5 1985 5.0
NAGASAKI
Total subjects 37 65 101 102
Proteinuria tests 277 7.5 472 7.3 713 7.1 650 6.4
* Average number of tests per subject during period of study. Maximum possible
number of tests per subject is 8.
t Subsample as defined in July 1959.
because the in-utero study sample was not established until 1955 when
many of the Nagasaki subjects had reached age 10. The number of urine
examinations at each year of age in Hiroshima exceeded that for Nagasaki,
but the proportion of subjects examined at each age is considerably lower.
The low number of subjects under 14 given urine examinations is due in
part to the fact that the number of in-utero subjects under study in
Hiroshima was increased by 380 at the time of the 1959 revision of the
sample (at age 14 years). When the percentage of subjects under 14 given
urine examinations is computed based on 885 study subjects instead of
1,265, examinations at ages 10-13 were 70%o complete.
In Nagasaki, all of the 305 subjects had at least one examination during
the eight-year period. In Hiroshima, 1,147 subjects or 90.7% had one or
more examinations performed during the same period. A comparison of the
number of subjects examined each year with the number of proteinuria tests
performed indicates that only an occasional subject was examined without
urinalysis. In Hiroshima, the largest number of subjects examined at a
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given age without urinalysis was seven at age 12 years, and in Nagasaki it
was three at age 16.
Subject examinations, and therefore testing for proteinuria, generally
becomes more complete as distance from hypocenter diminishes (Table 2).
If every subject had been tested at every age, the average number of tests
performed per subject would have been eight. For Nagasaki subjects in
the unexposed group, an average of 6.4 tests per person were performed
(i.e., testing was 80% complete). This improved as distance diminished
and for the under 1,500 meter group, 7.5 tests per person were performed
for a completeness score of 94%o. In Hiroshima, the average number of
tests per subject decreased from 5.0 (62%o complete) for unexposed sub-
jects to 3.5 per subject (44%o complete) for the 3,000-4,999 meter group,
and then increased to 4.7 tests per subject (59%o complete) for those
exposed at less than 1,500 meters.
METHODS
Casual urine specimens were examined until October 1960 in Nagasaki and Novem-
ber 1961 in Hiroshima when clean voided specimens were collected from women.
Until June 1960, sulfosalicylic acid (Exton) was used to test for protein in the
urine and positive reactions were confirmed with the nitric acid ring test. The result
of the nitric acid test was coded in Hiroshima, but the result of the sulfosalicylic acid
screening test was coded in Nagasaki. In July 1960, combistix were substituted for
sulfosalicylic acid. Positive reactions continued to be confirmed with nitric acid in
both cities, but the latter result was used for coding in Hiroshima whereas the result
of the screening test was coded in Nagasaki. Trace tests were considered negative.
Benedict's reagent was used to test for sugar until June 1960, since which time
the urine has been tested first with combistix and positive tests confirmed with
Benedict's reagent. The result of testing with Benedict's reagent was used for coding
purposes. This procedure was adopted because some faint-trace results appeared
slowly with combistix and were difficult to interpret. Some of these slow appearing
tests were negative when Benedict's reagent was used.
Microscopic examination of the urine was conducted on the sediment following
centrifugation of about 15 ml. of urine at 2,000 to 3,000 r.p.m. The number of cells
or casts seen were expressed per high power microscopic field.
RESULTS
Proteinuria
The proportion of tests positive for proteinuria was not significantly
different for boys and girls in Hiroshima (Table 3). In Nagasaki, the
results differed by sex, with the number of positive tests fairly equal for
boys at each year between 11 and 16, while more proteinuria was found
among girls at ages 11 to 13 years than was observed at earlier or later
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examinations. Proteinuria was detected at an earlier age in girls than in
boys in both cities. At age 9 years, about 2 to 3%o of girls were positive for
proteinuria while the condition was absent from boys until age 10 in
Hiroshima and 11 in Nagasaki.
Examination of the data by distance from hypocenter shows that the
prevalence of proteinuria was highest in girls exposed within 1,500 meters
of the hypocenter, with the peak reached at 13-14 years of age.
There are a total of 16 distance comparisons (8 age groups in each city)
which can be made for girls when the data are examined by city and age at
examination, of which 3 were significant at less than the 5 per cent level
(including one difference, Hiroshima girls at age 13, that was significant
at the 1.0%o level). In two of the three significant comparisons, the prev-
alence of proteinuria in subjects exposed within 1,500 meters of the hypo-
center exceeded that for each of the remaining distance categories; age 13
in Hiroshima, age 14 in Nagasaki.
Since it is likely that a subject with positive test results at one examina-
tion will be positive on re-examination, the apparent consistency of results
at several ages may be misleading. Therefore, the data were re-examined
by classifying each examined subject as positive for proteinuria if at least
one test was reported positive, and negative in the absence of a single
positive test regardless of the number of tests performed. While the results
were essentially negative, in view of the previously noted differences, the
re-examined data for Hiroshima women follow: in the under 2,000 meter
category, 38 or 20.1 o of Hiroshima females were positive compared with
25 or 13.5%o of the 3,000-4,999 meter subjects and 28 or 15.6%o of the
not-in-city group. The differences were not significant when tested by X2.
Persistence of positive tests for proteinuria was similarly examined,
persistence being defined as two or more positive tests reported. Since the
likelihood of persistence being found increases with the number of tests
reported, the direct method of adjustment for distribution differences in the
number of examinations reported was used to eliminate the effect of the
observed more frequent examination of the under 2,000 meter subjects.
The highest proportion of persistence in Hiroshima females was 11.2%o
in the under 2,000 meter group compared with 4.9%o and 6.1%o in the
3,000-4,999 and not-in-city categories respectively, the difference being
suggestive (.1 > P > .05). Thus, both the percentage of subjects with
positive test results and the percentage of persistent positive tests were
highest in the under 2,000 meter category, but only for persistence was
there indication that the differences might be real.
The only exposure group pattern seen in boys is the higher prevalence of
proteinuria in Nagasaki boys who were not in the city ATB. Of the 16
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possible age-city specific distance comparisons, only one was significant at
the 5 per cent level and none at 1 per cent, a frequency which might well
be explained by chance.
If exposure to radiation in-utero within 1,500 meters of hypocenter
increased the likelihood of finding protein in the urine during adolescence,
as appeared to be the case for females, then the length of gestation of the
fetus at the time of exposure to radiation becomes a factor of interest. The
study subjects were divided into two groups, those born on or before
December 31, 1945 (i.e. radiated during the last five months of intra-
uterine life), and those born in 1946 (radiated during the first four months
of intrauterine life) and the exposure group comparisons repeated (Table
TABLE 4. PREVALENCE OF PROTEINURIA BY SEX, AGE, DISTANCE AND
SEMESTER OF GESTATION ATB, HIROSHIMA AND NAGASAKI COMBINED
Proteinuria, sex,
and age at
examination
First semester
Under 1,500- 3,000-
1,500M 1,999M 4,999M
Second semester
Not Under 1,500- 3,000- Not
exposed 1,500M 1,999M 4,999M exposed
Male
Tests performed
9-12 yrs.
13-14 yrs.
15-16 yrs.
141 175 231 316 123 213 208 317
83 123 179 216 75 129 167 194
84 142 205 201 68 114 175 178
Per cent of positive tests
9-12 yrs. 1.4 0.0 1.7 1.3 2.4 2.3 3.8 3.8
13-14 yrs. 2.4 8.9 7.3 7.4 8.0 4.7 4.8 8.2
15-16 yrs. 14.3 2.8 8.8 7.5 8.8 6.1 6.9 11.8
Female
Tests performed
9-12 yrs. 78 154 151 269 151 162 210 310
13-14 yrs. 51 107 154 166 86 94 172 182
15-16 yrs. 54 112 188 146 85 89 175 140
Per cent of positive tests
9-12 yrs. 1.3 1.3 2.0 4.8 7.3 7.0 6.2 6.1
13-14 yrs. 21.6 5.6 7.1 6.6 17.4 8.5 4.7 9.3
15-16 yrs. 9.3 6.3 7.4 1.4 8.2 9.0 3.3 8.6
Semester effects in general: (First > second/total pairs)
Male 4/12
Female 4/12
Total 8/24 (P = 15.2%; exact two-tail binomial test)
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4). Data for Nagasaki and Hiroshima are combined and ages are grouped to
emphasize the previously observed radiation effect.
The exposure effect in 13 to 14 year old females appeared in both
semesters, the apparent increased occurrence of proteinuria in first semester
over second semester exposed girls being too small to rule out chance as
a cause. However, it should be noted that proteinuria appeared to be more
common in second semester ATB subjects in the control groups regardless
of age, and if this tendency were real it would reduce any contrary semester
effects in girls exposed under 1,500 meters. A total of 24 comparisons of
proteinuria ratios by semester ATB are included in Table 4 (12 for males
and 12 for females). If semester ATB had no effect upon the prevalence of
proteinuria, one would expect the first semester prevalence to exceed that
for the second semester 50 per cent of the time, while this relative relation-
ship between semester groups was only observed in 8 of the 24 comparisons,
4 female and 4 male. The deviation from the expected frequency in 24
comparisons is not significant (p = 15.2%7o) when examined with a two-tail
exact test.
Other findings
The data for the detection of red blood cells, white blood cells, casts and
glucose in the urine were examined in a manner similar to that described
for proteinuria. No relation to radiation exposure was apparent.
DISCUSSION
The present data were derived from urinalyses on children in-utero at
the time of the atomic bombings of Hiroshima and Nagasaki and were
conducted at ages 9 through 16. Considering each year of examination
separately, proteinuria appeared to be more common in both cities in girls
whose mothers were within 1,500 meters of the bomb hypocenters than in
any other distance grouping. In Hiroshima, this was apparent at ages 11,
13, 14 and 16 and in Nagasaki at ages 13 and 14. The differences were
statistically significant at age 13 for Hiroshima and at age 14 in Nagasaki.
The data for all examinations was re-examined to remove the possibility
that the same girls could be responsible for the significant differences
repeated at various ages. There was a slight increase in the proportion of
Hiroshima females under 2,000 meters with one or more positive tests for
proteinuria reported, but the differences were well within the limits of
chance variation. Persistence (two or more positive tests) was also encoun-
tered more frequently among Hiroshima females, the differences between
204
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the three distance categories, under 2,000 meters, 3,000-4,999 m and
not-in-city, being suggestive (.1 > P > .05).
Analysis of the data according to the time of gestation during which
exposure to radiation occurred suggests that the rates may be higher for
those irradiated during the second half of gestation but the differences
were small and not statistically significant.
Although the data for boys do not show a statistically significant relation
between proteinuria and radiation exposure, it is of interest that in
Hiroshima at ages 12, 15, and 16, the group exposed within 1,500 meters
has the highest rates for proteinuria.
These data suggest that proteinuria may be more common during
adolescence in the group of children exposed in-utero to the highest dosages
of ionizing radiation. The precise amount of radiation received by the
mothers of these children will always be uncertain, but efforts are con-
tinuing to define this with greater accuracy. A consideration of the range
of these dosage estimates has appeared in other publications."9 It is, of
course, too soon to determine whether the possible differences in rates for
proteinuria which appeared during adolescence persist beyond that period
of life. However, a recent study in Hiroshima on these same children at
age 18 revealed statistically significant persistent differences related to
radiation exposure in boys and girls.*
The significance of this possibly increased rate for proteinuria remains
a most important subject for future study. Studies of renal damage due to
X-irradiation in man and animals direct attention to the potential serious-
ness of large doses of radiation to adult kidneys with the development,
usually after a latent period of many months, of hypertensive renal vascular
disease."10 On the other hand, recovery from even severe hypertension
with renal insufficiency due to kidney irradiation has been noted,' thus
making it impossible to anticipate the importance of the presence of
proteinuria in early life.
There are, of course, many possible explanations for any finding which
is more frequent in persons located close to bomb hypocenters compared to
those farther away. It is difficult to evaluate the role of socio-economic
conditions in the years after the bombing. In addition, urinary infections
were somewhat more common in persons closest to the hypocenter7 and
although those differences were not statistically significant, the prevalence
of urinary abnormalities might be influenced to some degree. The increased
rates of proteinuria found subsequently at age 18 were not associated with
* Manuscript in preparation by Freedman, L. R., Seki, M., Phair, J. P., and
Nefzger, M. D.
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those subjects with mental retardation,* a finding known to be related to
in-utero radiation.
No other findings on urinalysis were related to radiation exposure.
SUMMARY
Data from urinalyses at ages 9 to 16 were tabulated for children exposed
to ionizing radiation in-utero at the time of the atomic bombings in
Hiroshima and Nagasaki in 1945 and for comparable control groups.
Proteinuria was detected more often at various ages in boys in Hiroshima
and girls in both cities whose mothers were within 1,500 meters of the
bomb hypocenters than in any other distance grouping. The differences
were statistically significant in girls at ages 13 and 14. Future investi-
gations will be necessary to define the biological significance of these
findings.
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